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(57) ABSTRACT

Apparatus, methods, and processes are provided for a tube
reactor including multiple, substantially parallel reaction
tubes arranged within a tube reactor shell, the reaction tubes
spaced apart such that a thermal fluid can flow between the
tubes and transfer heat between the tubes and the thermal tluid
during operation; an 1nlet head defining an 1nlet head space,
where the 1nlet head space 1s 1n fluid communication with an
inlet end of the reaction tubes, and an outlet head including an
outlet head shell and at least one nsert positioned within an
outlet head space defined by the outlet head, where the insert
defines a reduced volume outlet head space relative to that
defined by the outlet head, and where the reduced volume
outlet head space 1s 1n fluid communication with an outlet end
of the reaction tubes and 1n fluid communication with a reac-
tor outlet.

18 Claims, 7 Drawing Sheets
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1
TUBE REACTOR

This application 1s a National Stage application under 35
U.S.C. 371 of PCT/US2008/013501, and published as WO
2009/116977 on Sep. 24, 2009, which claims priority in part
from U.S. Provisional Application Ser. No. 61/008,062 filed

Dec. 18, 2007, the entire content of which 1s incorporated
herein by reference.

BACKGROUND

The oxadation of ethylene to ethylene oxide can be accom-
plished by reaction with air or oxygen 1n the presence of a
silver catalyst mounted on a suitable carrier, with the optional
addition of small amounts of certain chlorinated hydrocar-
bons which serve to moderate the catalyst. Under normal
operating conditions, the oxidation reaction produces mostly
cthylene oxide, with carbon dioxide and water as side prod-
ucts. The reaction 1s exothermic.

The construction of the reactor where the oxidation 1s
carried out can be similar to a vertical shell and tube heat
exchanger. The tubes are filled with the catalyst while the
shell side of the reactor 1s provided with a coolant. Suitable
pumps, heat exchangers, separator drums, and/or condensers
can be employed to condense, or separate, and recirculate the
coolant.

In some cases, without careful temperature control, the
oxidation reaction can proceed to the formation of carbon
dioxide and water vapor. This not only reduces the yield, but
1s a much more exothermic reaction which can cause “hot
spots” within the reactor and a consequent increase 1n the
demands made upon the cooling system. In addition, the “hot
spots” can increase local temperatures and can spread rapidly
to the reactor outlet, leading to a bulk gas phase 1gnition,
referred to herein as a “decomp”.

SUMMARY

The present disclosure relates to tube reactors for conduct-
ing exothermic reactions such as alkene oxidation reactions.
Embodiments are adaptable to commercial scale ethylene
oxide production.

As used herein, a “hot spot,” 1s an uncontrolled, gas-phase
reaction occurring 1nside of a catalyst bed located 1n a reactor
tube 1n which oxygen 1s depleted.

Embodiments of the present disclosure include a tube reac-
tor including multiple, substantially parallel reaction tubes
arranged within a tube reactor shell, the reaction tubes being
spaced apart such that a thermal flmd can flow between the
tubes and transier heat between the tubes and the thermal fluid
during operation. The tube reactor also includes an inlet head
positioned adjacent the tube reactor shell defining an 1nlet
head space, where the inlet head space 1s 1n fluid communi-
cation with an inlet end of the reaction tubes and an outlet
head positioned adjacent to the tube reactor shell. The outlet
head includes an outlet head shell and at least one insert
positioned within an outer head space defined by the outlet
head, where the insert defines a reduced volume outlet head
space relative to that defined by the outlet head, and where the
reduced volume outlet head space 1s 1n fluid communication
with an outlet end of the reaction tubes and 1n fluid commu-
nication with a reactor outlet.

(Gas residence times 1n the outlet head can be reduced when
embodiments of the tube reactor of the present disclosure are
operated. The reduced gas residence times permit hot reaction
gases to be passed more quickly to a cooling step and can help
to reduce the formation of reaction by-products. Areas of
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stagnant gases are also reduced or eliminated, again helping
to reduce by-product formation and, 1n cases 1n which the
process gases are tlammable, helping to reduce the risks of
fire due to the development of “decomps™ 1n the outlet head
space.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a front view, 1n section, of an embodiment of a
tube reactor of the present disclosure.

FIG. 1B 1s a front view, partially in section, of an outlet
head with insert for use with embodiments of the present
disclosure.

FIG. 1C 1s afront sectional view of a flange region of a tube
reactor shell and removable outlet head 1n accordance with
embodiments of the present disclosure.

FIG. 1D 1s a schematic view of a system for circulating
thermal tluid from the tube reactor shell to a flange region of
the tube reactor shell and removable outlet head 1n accor-
dance with embodiments of the present disclosure

FIG. 2 1s a front view, partially 1n section, of an embodi-
ment of the present disclosure.

FIG. 2A 1s atop sectional view, taken along lines 2A-2A of
FIG. 2, showing an outlet head with 1nsert 1n accordance with
embodiments of the present disclosure.

FIG. 3 1s a front view, 1n section, of an outlet head accord-
ing to embodiments of the present disclosure.

FIG. 4 1s a front view, 1n section, of an outlet head accord-
ing to embodiments of the present disclosure.

DETAILED DESCRIPTION

Embodiments of the present disclosure include appara-
tuses, methods, and processes for tube reactors and the opera-
tion of tube reactors. For purposes of 1llustration, the present
disclosure 1s discussed 1n its application to the production of
cthylene oxide, however, 1t 1s understood that embodiments
of the present disclosure are not limited to this application.

FIGS. 1A-1D illustrates an embodiment of a tube reactor
100 according to the present disclosure. The tube reactor 100
includes an exterior shell 102 that encloses a space that con-
tains reactor tubes 104. In some embodiments, the reactor
tubes 104 can be arranged substantially parallel to each other
and can be oriented vertically with the reactor tube outlets at
the bottom of the tube reactor 100. In some embodiments, the
tube reactor 100 can be oriented with the tube outlets at the
top. Also, the tube reactor 100 can be oriented horizontally, or
at some angle to the horizontal, 11 desired for specific appli-
cations.

The reactor tubes 104 are spaced apart from each other 1n
order to permit thermal fluid to circulate between adjacent
reactor tubes 104 to transier heat between the thermal tluid
and the reactor tubes 104. As 1llustrated 1n FIG. 1A, the tube
reactor 100 contains a small number of reactor tubes for
purposes of 1llustration. Also, the spacing between the tubes
104 1s exaggerated, again for purposes of 1llustration. In vari-
ous embodiments, the tube reactor 100 can contain reactor
tubes 104 1n a range of hundreds to thousands.

In some embodiments, the reactor tubes 104 can be held in
place within the tube reactor shell 102 via a top tubesheet 106
and a bottom tubesheet 108. The tubesheets 106, 108 have
openings to allow process gases to enter the reactor tubes 104
from the mlet head space 110. Alternatively, the reactor tubes
104 can extend through the top tubesheet 106 1nto the inlet
head space 110. Similarly, the bottom tubesheet 108 has
openings to permit process gases to enter an outlet head space




US 8,343,433 B2

3

112 from the reactor tubes 104. Again, the reactor tubes 104
can extend through the bottom tubesheet 108 into the outlet
head space 112.

In some embodiments, various types ol additional supports
can be provided between the top tubesheet 106 and the bottom
tubesheet 108. For example, additional supports can include
additional tubesheets, various types of brackets, batiles, and
the like.

As shown 1n FIG. 1A, the tube reactor 100 also includes an
inlet head 114 and an outlet head 116 (e.g., 1n embodiments
where the reactants have a downward flow during operation).
As shown, the inlet head 114 1s positioned adjacent the tube
reactor shell 102 at a top position and the outlet head 116 1s
positioned adjacent the tube reactor shell 102 at a bottom
position. Embodiments can also include the inlet head 114
positioned at the bottom position and the outlet head 116
positioned at the top position.

The inlet head 114 defines the inlet head space 110. Reac-
tants can be itroduced 1nto the tube reactor 100 through an
inlet conduit 118, where the reactants enter the inlet head
space 110. As 1llustrated, from the inlet head space 110, the
reactants can enter the tubes 104 and flow downwardly
through the tubes 104, where the reactants come 1nto contact
with a catalyst and the desired reaction occurs. Reaction
product gases thus exit the bottom of the tubes 104 and enter
the outlet head space 112, where the reaction product gases
from the various tubes 104 mix and enter the outlet conduit
120.

Commercial scale tube reactors of the type 1illustrated in
FIG. 1 can be very large, for example, containing hundreds or
thousands of tubes and having a shell diameter in a range of
three (3) meters to as large as twenty (20) meters. Because of
the large size, the inlet head 114 and outlet head 116 are
designed with a rounded cross-section, as illustrated 1n FIG.
1A. The curved shape of the inlet head 114 and the outlet head
116 can permit the heads to have the needed structural
strength at reasonable masses. However, because of the archi-
tecture of the heads 114, 116, the volume of the inlet head
space 110 and the outlet head space 112 can be significant.
Large head spaces result 1n larger residence times within the
head spaces. In addition, circulation of reaction products
within the head spaces 1s not uniform and as a result, hot spots
can form 1n regions where pockets of stagnant and/or recir-
culating gas exist. In the hot spot regions, unwanted side
reactions can occur as well as an increased risk of decomps.

To reduce the occurrence of the formation of hot spot
regions, embodiments of the present disclosure seek to reduce
the volume of the outlet head space 112, provide for mnitial
rapid mixing of the reaction product gases exiting the reactor
tubes 104, and/or provide for the redistribution of the reaction
gases 1n the outlet head space 112. As such, 1n some embodi-
ments, the residence time of the reaction product gases 1n the
outlet head 112 can be minimized. In addition, the residence
time distribution, or the probability distribution function that
describes the amount of time the reaction product gases can
spend 1nside the outlet head space 112, can be tightened to
reduce a long residence time “tail.”

In various embodiments, local hot spots formed as reaction
product gases exit some of the reactor tubes 104 can be
blended rapidly with cool reaction product gases exiting other
reactor tubes 104, preventing ignition and/or unwanted side
reactions.

Because of the size of the tube reactors 100, 1t 1s not
practical to reduce the outlet head space volume simply by
using a smaller outlet head. The mass of such an outlet head
would be much greater than that of the curved outlet head 116
as shown 1n FIG. 1, thus the cost and weight associated with
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such a head makes 1t impractical. As such, as illustrated 1n
FI1G. 1A, the outlet head 116 includes an outlet head shell 122
and an 1mnsert 124. Together with the bottom tubesheet 108, the
insert 124 can define the volume of the outlet head space 112.

As shown, the volume of the outlet head space 112 1is
considerably smaller than the volume that, in the absence of
the msert 124, would be defined by the bottom tubesheet 108
and the outlet head shell 122. The smaller volume can reduce
stagnant areas and can increase tlow velocities through the
outlet head space 112, while also decreasing residence times
of the reaction product gases 1n the outlet head space 112. For
example, the process gases can flow through the bottom
tubesheet 108 at a velocity of approximately twenty-five (25)
feet per second or more and the residence time of the reaction
product gases can be approximately 0.1 second or less. More-
over, the flow pattern of the reaction product gases contain no
large scale eddies.

In some embodiments, the insert 124 can reduce the outlet
head 116 volume by at least twenty-five (25) percent as com-

pared to an outlet head 116 of the same configuration without
the insert 124. In various embodiments, the insert 124 reduces
outlet head 116 volume by at least fifty (50) percent. The
insert 124 may reduce outlet head 116 volume by up to sixty
(60) percent, by up to seventy-five (735) percent, by up to
eighty-five (85) percent, or by up to ninety (90) percent or
more.

In addition, flow rates (i1.e., gas velocities) through the
outlet head 116 can increase with greater reductions 1n outlet
head 116 volume. Also, residence times in the outlet head 116
decrease correspondingly.

In some cases, too great a reduction 1n outlet head 116
volume can make 1t difficult to achieve high bulk flow rates at
reasonable operating pressures since the path through the
outlet head 116 can become restricted. Thus, the upper limait
on how much the outlet head 116 volume can be reduced may,
in some cases, be limited by desired bulk tlow rates and/or
operating pressures.

FIG. 1B 1llustrates an embodiment of the outlet head 116
according to the present disclosure 1n greater detail. The
insert 124 1s shown sloping downwardly from an edge region
126 towards the outlet 120. As such, the height of the outlet
head space 112 1s greater near the center than at the edges of
the insert 124. This configuration can improve flow rates (e.g.,
both gas velocities and bulk flow rates ) and can help eliminate
stagnant areas, particularly near the outer edges of the outlet
head space 112.

The outlet head shell 122 also can curve downwardly from
the edges toward the outlet 120, but can curve at a more
gradual rate as compared to the insert 124. The difference 1n
curvature can cause the outlet head shell 122 to be displaced
away Irom the insert 124, forming a space 128 between the
outlet head shell 122 and the insert 124. In such embodiments,
reaction product gases do not come mnto contact with the
outlet head shell 122, except perhaps at the region adjacent to
the outlet 120, and the outlet head shell 122 1s somewhat
thermally 1solated from the process fluids.

In some embodiments, the outlet head shell 122 1s designed
to bear approximately all the weight of the outlet head 116 as
well as other applied stresses. In such embodiments, the
external curvature of the outlet head shell 122 can permit the
outlet head shell 122 to be made using reasonable masses of
construction materials. In addition, the insert 124 bears little
weilght or stress, and thus can be made from relatively thin
materials 1n order to conserve mass.

In some embodiments, the insert 124 can be self-support-
ing. In addition, 1n various embodiments the insert 124 can
have a light weight construction obtained by using a thinner
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material for the msert 124 as compared to a self-supporting
insert 124. In such embodiments, the light weight insert 124
can include additional supports, such as a number of support
cylinders 130, which can traverse the space 128 and transier
the load from the insert 124 to the outlet head shell 122. The
insert 124 can be formed of a metal, polymer, and/or a
ceramic material, provided that the material of construction is
capable of withstanding process temperatures, does not cata-
lyze reactions of the process gases and/or otherwise react with
the process gases, and 1s otherwise chemically stable under
the conditions of the particular process.

As 1llustrated 1n FIG. 1B, 1n some embodiments, the outlet
head 116 can cool reaction product gases within the outlet
head 116. In various embodiments, a method of cooling the
process gases can use a thermal fluid to absorb heat from the
reaction product gases. Also, 1n some embodiments, as
shown, reaction product gases can be cooled within the outlet
head space 112 by passing the process gases through a heat
exchanger 132 before the reaction product gases exit the
reactor tube 100 via the outlet 120.

In some embodiments, the heat exchanger 132 can capture
the heat from the process gases and reuse the heat elsewhere.
In some cases, the partially heated thermal tluid can be cir-
culated to the tube reactor 100 to provide cooling to the
reactor tubes. In some embodiments, the partially heated
thermal fluid can be circulated to a flange system of the tube
reactor shell 102 and outlet head 116 to equilibrate the tem-
peratures of each, as discussed further herein.

In some embodiments, the ability to cool the reaction prod-
uct gases immediately downstream of the point at which they
exi1t the reactor tubes can be beneficial 1n reducing the forma-
tion of unwanted reaction byproducts. This 1s particularly true
in alkene oxidation processes (e.g., ethylene oxide pro-
cesses), 1n which aldehydes and other unwanted byproducts
often form in the hot reaction product gases that exit the
reaction tubes before the gases can be cooled. In the embodi-
ment shown 1n FIG. 1B, the presence of the heat exchanger
132 within the outlet head 116 can permit the reaction product
gases 1o be cooled rapidly, and can reduce byproduct forma-
tion as compared to an outlet head 116 without the heat
exchanger 132, particularly 1n ethylene oxide production pro-
CEeSSes.

In some embodiments, as shown in FIG. 1B, the outlet 120
located downstream of the heat exchanger 132 can be further
connected by, for example, piping 133, to a second heat
exchanger 135. The reaction product gases can pass through
the heat exchanger 132, through the outlet 120, and through
the pipe 133 to the second heat exchanger 1335. The second
heat exchanger 135 can further cool the reaction product gas
coming irom the outlet 120.

In some embodiments, the second heat exchanger 1335 1s
close-coupled to the heat exchanger 132. As used herein,
“close-coupled” refers to coupling the second heat exchanger
135 at as short of a distance as possible from the heat
exchanger 132. In some embodiments, the length of the pip-
ing 133 can be less than one hundred (100) feet, more pret-
erably, less than fifty (50) feet, and still more pretferably, less
than ten (10) feet. In addition, the diameter of the piping 133
can be as small as possible, preferably less than one hundred
(100) inches 1n diameter and more preferably less than sixty
(60) inches 1n diameter. Minimizing the distance between the
heat exchanger 132 and the second heat exchanger 135 can
reduce the residence time of the gas in the zone between the
two heat exchangers and can further reduce the formation of
reaction by-products.

In some embodiments, the reaction product gases can be
cooled entirely within the outlet head 116. In various embodi-
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ments, the process gases can be cooled partially within the
outlet head 116. For example, the heat exchanger 132 can be
positioned entirely or only partially within the outlet head
116. In embodiments where the heat exchanger 132 1s posi-
tioned partially within the outlet head 116, the heat exchanger
132 can extend outwardly beyond the confines of the outlet
head 116 1n order to provide a larger region for heat transfer,
more thoroughly completing the cooling.

As shown 1n FIG. 1A, 1n operation, process gases enter the
inlet head space 110 through the inlet 118. The process gases
become distributed among and enter the reactor tubes 104.
The reactor tubes 104 are, in some embodiments, at least
partially filled with a catalyst for the desired reaction of the
process gases. As the process gases flow through the reactor
tubes 104, they can react 1n the presence of the catalyst. The
reaction product gases then flow out of the reactor tubes 104
and 1nto the outlet head space 112. In the embodiment shown
in FIG. 1A, the reaction product gases exit the outlet head
space 112 through the outlet 120.

In some embodiments, the reaction occurring within the
reaction tubes 104 can be highly exothermic, which 1s the
case, for example, for an ethylene oxide oxidation reaction. In
various embodiments, the exotherm can be controlled by
circulating a thermal fluid within the shell 102 and around the
exterior of the tubes 104. In some embodiments, water 1s the
cooling fluid. Water can be boiled to produce steam, therefore
additional cooling can be provided since additional heat
required to vaporize the steam 1s removed from the system.

Thermal fluid can be introduced through one or more ports
134, through which 1t enters the tube reactor 100 and tflows
through the spaces between the reactor tubes 104, coming
into contact with the reactor tubes 104, and providing either
heating or cooling to the reaction process.

In some embodiments, the thermal fluid can provide cool-
ing, for example, when the reaction occurring at the catalyst
within the reactor tubes 104 1s exothermic. However, 1in other
embodiments, the thermal fluid can heat the reactor tubes 104
to a temperature that 1s needed to produce a desired reaction
at a desired reaction rate. In various embodiments, when the
reaction 1s exothermic, the thermal fluid can provide heat, for
example, during start-up to initiate the reaction or to provide
process control until steady-state conditions are achieved.
Thermal fluid can be withdrawn from the tube reactor 100
through one or more ports 134.

In some embodiments, the outlet head 116 1s removably
ailixed to the tube reactor shell 102 1n order to permit access
to the interior of the tube reactor 100 for purposes such as
maintenance, repair, and/or catalyst removal and/or replace-
ment. In some embodiments, the outlet head 116 and tube
reactor shell 102 include a flange system, as shown in FIG. 1B
and 1n an enlarged view 1n FIG. 1C.

As shown 1 FIG. 1C, a suitable flange system includes
mating circumierential flanges 136 and 138, where the mat-
ing circumierential flanges 136, 138 are attached to the bot-
tom portions of the outlet head 116 and the tube reactor shell
102, respectively. The flanges 136, 138 can have mating sur-
faces 140, 142 where the flanges 136, 138 meet when joined.
In some embodiments, the flanges 136, 138 can be an exten-
sion of the tube reactor shell 102 and/or tubesheet 106.

Optionally, the mating surfaces 140, 142 can include one or
more additional mating features, which can assist 1n aligning
the outlet head 116 and the tube reactor shell 102 in the
correct relative position during assembly. One such type of
alignment feature 1s a circumierential tongue-and-groove
assembly. As shown 1n FIG. 1C, the flange 138 can include a
raised tongue 144 which can fit into a corresponding recessed
groove 146 1n the flange 136. In some embodiments, the
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groove 146 can be somewhat wider than the tongue 144 for
casier assembly. In various embodiments, the raised tongue
144 can be located 1n flange 138 and the corresponding
recessed groove 146 can be located 1n flange 136. In addition,
although not shown 1 FIG. 1C, a gasketing material 139 can
be included within the groove 146 to aid 1n sealing the tube
reactor 100. Also, other types of guides can be incorporated
into the flange system, including guide pin-and-hole arrange-
ments.

As discussed herein, the diameter of the tube reactor 100
can range, for example, from two (2) meters to twenty (20)
meters or more. Due to the size of the reactor 100, the relative
thermal expansion or contraction of the tube reactor shell 102
and the outlet head 116 can become an important design
consideration for anumber of reasons. For example, the outlet
head shell 122 of the outlet head 116 can be at least partially
thermally 1solated from the reaction product gases due to the
presence of the nsert 124. Therefore, the outlet head shell 122
can be, periodically, at a significantly different temperature
than the tube reactor shell 102, especially during start-ups,
shut-downs, and during process upsets. The difference 1n
temperature can result in different degrees of thermal expan-
s1on of tube reactor shell 102 and outlet head shell 122 and
can create significant stresses due to the large diameter of the
equipment. The stresses can cause distortion and break the
seal at the flange. In some cases, the equipment can be dam-
aged by the thermal stresses.

Due to the possibility of thermal stresses causing damage
to the equipment, embodiments of the present disclosure
maintain the outlet head shell 122 at a temperature approxi-
mately equal to the temperature of the tube reactor shell 102.
The temperatures can be maintained approximately equal
using a number of methods. For example, heating and/or
cooling can be provided by applying forced heated or cooled
gas to the surface of the outlet head shell 122. Heating can
also be provided using electrically resistive coils included 1n
the outlet head shell 122.

In some embodiments, thermal fluid can be introduced to
the outlet head shell 122. The thermal fluid can be applied via
a jacket (e.g., located on the interior and/or exterior surface of
the outlet head shell 122), and/or through conduits that pass
within the outlet head shell 122, and/or on the outlet head
shell’s 122 interior and/or exterior surface.

In various embodiments, a temperature control system can
be included, for example, including temperature measuring,
devices which operate the temperature control system 1n
response to the temperature of the outlet head shell 122. Also,
a variety of pumping or actuation systems can be included
which can produce a tlow of the thermal fluid in response to,
for example, temperature differences between the outlet head
shell 122 and the tube reactor shell 102.

In some embodiments, the method of maintaining the tem-
perature of the outlet head shell 122 and the tube reactor shell
102 at approximately equal temperatures includes contacting
the outlet head shell 122 with a thermal fluid that 1s also used
to control the temperature inside the tube reactor 100. As
discussed herein, a thermal fluid can be introduced into the
tube reactor 100 to provide temperature control. For example,
the thermal fluid can be introduced to control heat generated
in exothermic reactions that take place within the reactor
tubes 104 and/or be used to supply heat to a reaction.

During operation, the temperature of the tube reactor shell
102 can closely approximate the temperature of the thermal
fluid 1nside the tube reactor 100 since the tube reactor shell
102 1s in contact with the thermal fluid. Theretfore, by circu-
lating the thermal fluid 1nto contact with the outlet head shell
122, the temperature of the outlet head shell 122 can be
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brought to approximately the same temperature as the tube
reactor shell 102. Thermal expansion and/or contraction of
the two segments can therefore be closely matched, and
stresses, distortion, and/or leakages associated with differen-
tial thermal expansion between the two sections can be mini-
mized.

In addition, 1n order to match thermal expansion and con-
traction of the tube reactor shell 102 and the outlet head shell
122, the two segments can be formed of the same material or
formed of different materials that have similar coellicients of
linear thermal expansion.

Contacting the thermal fluid from the reaction tube 100
with the outlet head shell 122 decreases the need for a sepa-
rate temperature control system since a close temperature
match between the tube reactor shell 102 and the outlet head
shell 122 can be obtained simply due to the circulation of the
same thermal fluid to both components.

FIG. 1D 1llustrates an embodiment of a conduit system to
transport the thermal fluid to the outlet head shell 122, accord-
ing to the present disclosure. In FI1G. 1D, thermal fluid can be
withdrawn from the tube reactor through the port 134 1n the
tube reactor shell 102. The withdrawn fluid can then pass
through the conduit 148, through the pump 150, and into a
series of additional conduits 152. The additional conduits 152
can be 1n fluid communication with a number of half-pipes
154, such that thermal fluid can enter the half-pipes 154 and
provide cooling or heating to the outlet head shell 122.

Also, as shown 1n FIG. 1D, thermal fluid can also be intro-
duced to the flanges 136, 138 so that temperature across the
flange area 1s also equilibrated. Thermal fluid can then be
withdrawn from the haltf-pipes 154 through the exit conduits
156 and, in the embodiment shown, circulated to a drum 158.
In some embodiments, the thermal fluid circulated to the
drum 158 can be mtroduced to the drum 158 by means of a
vertical internal standpipe to avoid hammering, as appreci-
ated by one skilled 1n the art. In addition, the various conduits
154 can include various apparatuses for balancing and/or
otherwise controlling the tflow of thermal fluid through and/or
between the conduits 154.

FIG. 2 illustrates an embodiment of a tube reactor 200
according to an embodiment of the present disclosure. As
shown 1n FIG. 2, the tube reactor 200 includes an exterior
shell 202 that encloses a space that contains reactor tubes 204,
as discussed herein. In addition, as discussed herein, a top
tubesheet and a bottom tube sheet 208 can hold the tubes 204
in position within the tube reactor shell 202. Ports 234 enter
the tube reactor shell 202 for the mtroduction and withdrawal
of thermal fluid. Also, process gases can enter the tube reactor
200 through the inlet 1n an inlet head.

As shown in FIG. 2, the outlet head 216 can be removably
ailixed to the tube reactor shell 202 via optional flanges 236
and 238, but 1t 1s possible that the outlet head 216 be perma-
nently atfixed to the tube reactor shell 202. If the outlet head
216 1s removable, then a method for maintaining the tempera-
ture of the outlet head 216 approximately equal to that of the
tube reactor shell 202 can be used, 1l necessary, to prevent
differential thermal expansion, as discussed herein.

As 1llustrated, the 1nsert 224 can reside within the outlet
head 216, occupying a central region of the head space 212
defined by the outlet head 216. The insert 224 can be sup-
ported 1n position within the outlet head 216 using any appro-
priate structure, such as various types of bracketing and sup-
ports.

As shown, the insert 224 can be positioned within the outlet
head 216 so a space 260 exists between the outlet ends of the
reaction tubes 204 and the insert 224, to permit reaction
product gases to enter the outlet head 216. The space 260 can
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separate the insert 224 from the outlet head 216, providing a
restricted path through which process gases can tlow toward
the outlet 220. Reaction product gases entering the outlet
head 216 can contact the top of the insert 224 and flow radially
outward, 1n the directions of arrows 262, where they enter the
space 260 and tlow downward toward the outlet 220.

FIG. 2A1s atop-down view of the tube reactor 200 taken at
line 2A 1 FI1G. 2. Gas velocities through an annular space 266
can be increased relative to velocities 1n the absence of the
insert 224, thereby reducing residence time and reducing
byproduct formation and stagnant areas. In some embodi-
ments, the residence time can be reduced by up to forty (40)
percent as compared to the outlet head 216 without the insert
224,

In the embodiment shown, the insert 224 can be hollow or
solid, however, by including a hollow insert 224, mass and
cost can be reduced as compared to a solid insert 224. In such
embodiments, the insert 224 can be filled with an 1nert gas, for
example, nitrogen.

As shown 1n FIG. 2, the outlet head 216 can include an
additional insert 263 in addition to the insert 224. In this
embodiment, the additional insert 263 can be a diverter plate
264. As used herein, a “diverter plate” refers to a non-perto-
rated plate positioned in the outlet head space 212 to direct the
flow of reaction product gases exiting the reaction tubes 204
and/or rapidly mix the reaction product gases in the outlet
head space 212 to reduce the occurrence of hot spots and/or
stagnant areas. In some embodiments, the outlet head 216 can
include a number of diverter plates 264.

As shown by the arrows 1 FIG. 2, diverter plates 264
positioned in a substantially horizontal position below the
reaction tube 204 outlets can direct the flow of reaction prod-
uct gases from reaction tubes 204 on an outer periphery of the
tube reactor 200 towards the insert 224. In addition, diverter
plates 263 positioned 1n a substantially vertical position and
in an angled position below the horizontal diverter plates 264
can be perforated and can rapidly mix the reaction product
gases as they tlow around the horizontal diverter plates 264
and the 1sert 224 and through the perforated diverter plates
265.

As discussed herein, 1n some embodiments, the outlet head
216 can be removably aflixed to the tube reactor shell 202 1n
order to permit access to the interior of the tube reactor 100
for purposes such as maintenance, repair, and/or catalyst
removal and/or replacement. In such embodiments, the insert
224 and/or diverter plates 264, 265 can be permanently posi-
tioned within the outlet head 216 since the outlethead 216 can
be removed when, for example, the reaction tube 204 catalyst
1s replaced.

In some embodiments, however, the outlet head 216 can be
welded to the tube reactor shell 202. In such embodiments,
manways can be provided to allow for a person to enter the
outlet head 216 to perform maintenance, repair, and/or cata-
lyst removal and/or replacement. As one skilled 1n the art will
appreciate, however, when the outlet head 216 1s provided
with enough space for a person to enter the outlet head 216,
the outlet head space 212 size increases, residence times 1n
the outlet head 216 increase, and the risk of hot spot formation
and possible consequent ignition and/or byproduct formation
1ncreases.

FIG. 3 illustrates an embodiment of a tube reactor 300
according to the present disclosure. As shown in FIG. 3, the
outlet head 316 1s welded to the tube reactor shell 302, and the
outlet head 316 1s large enough to fit a person 366 1n the outlet
head space 312. To decrease the residence time of the reaction
product gases exiting the tubes 304 in the outlet head 316, an
insert 324 can be positioned 1n the outlet head 316. In such
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embodiments, the msert 324 can be brought into the outlet
head 316 1n pieces and assembled 1n the outlet head 316, as
shown 1n FIG. 3.

Since the insert 324 1s assembled 1n the outlet head 316
from separate pieces, it 1s possible that the pieces would not
join together to create a flmd-tight seal. In addition, 1t 1s
possible that the pieces would not be able to sustain full-
process pressure as assembled. As such, 1 some embodi-
ments, an inert gas (e.g., methane, nitrogen) can be tlowed
into the space 312 between the insert 324 and the outlet head
shell 322, maintaining a positive pressure inside the space 312
to prevent or minimize reaction product gases from entering
the space 312.

As illustrated, the embodiment shown 1n FIG. 3 includes a
heat exchanger 332 positioned at least partially 1n the outlet
head 316. The heat exchanger 332 can be used to quickly cool
the reaction product gases exiting the reactor tubes 304, as
discussed herein. In some embodiments, the outlet head 316
does not include the heat exchanger 332 and the msert 324 1s
constructed to direct the tlow of reaction product gases to the
outlet 320 as quickly as possible.

FIG. 4 illustrates an embodiment of a tube reactor 400
according to embodiments of the present disclosure. As dis-
cussed herein, 1n some embodiments, the outlet head 416 can
be permanently affixed (e.g., welded) to the tube reactor shell
402. In such embodiments, the outlet head space 412 1s large
enough for a person to enter the outlet head 416 for mainte-
nance, repairs, and/or catalyst removal and/or replacement.
As such, the outlethead space 412 has an increased volume as
compared to embodiments with a removable outlet head 416
with an 1nsert positioned 1n the outlet head 416.

As shown 1n FIG. 4, in some embodiments, the tube reactor
400 can 1nclude an insert where the 1nsert 1s a diverter plate
464. The diverter plate 464 can be positioned directly below
the bottom of the reaction tubes 404 and can have a perforated
construction. As such, the reaction product gases exiting the
reaction tubes 404 can be forced to flow horizontally between
the bottom tubesheet 408 and the diverter plate 464, thus
achieving rapid mixing of gases between “hot-spotted™ tubes
404 and normal temperature tubes 404. The reaction product
gases can also flow through a small number of perforations 1n
the diverter plate 464 and into the outlet head space 412. By
rapidly mixing the reaction product gases, hot gas formed in
a reaction tube 404 can be quickly mixed with cold gas from
the other reaction tubes 404, reducing the occurrence of hot
Spots.

In such embodiments, the diverter plate 464 can be formed
of pieces small enough to fit through a manway 468 and can
be bolted 1n place 1n the outlet head 416. In addition, to avoid
any stagnant areas 1n the outlet head space 412, gas flow can
be introduced into the outlet head space 412 to move the
reaction product gases towards the outlet 420 1n the outlet
head 416.

In some embodiments, the outlet head 416 can also include
a second diverter plate 464 to redistribute the reaction product
gases 1n the outlet head space 412. The second diverter plate
464 can have a perforated construction, allowing the reaction
product gas to flow through the diverter plate 464 and 1n the
annular space 469 between the diverter plate 464 and the
outlet head 416 thus promoting positive tlow along the outlet
head 416 wall and reducing the accumulation of catalyst dust.

The process gases used during operation of the foregoing
embodiments of the invention can be any material or mixture
of materials that1s capable of reaction within a tube reactor. In
some embodiments, the process gas can be a gas mixture for
making an alkylene oxide, particularly ethylene oxide. An
alkylene oxide-producing process gas can include at least one
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alkene (preferably ethylene), oxygen, and optionally other
gases as may be desirable to provide reaction control, such as
alkyl halides, NOx compounds and the like. The process can
be operated at superatmospheric pressures (such as 1.01 Bar
absolute to 28.5 Bar absolute). In addition, the process tem-
perature within the tube reactor can be controlled at tempera-
tures 1n a range ol 50 to 310° C., although this can vary with
the particular process. In the case of ethylene oxide produc-
tion processes, the reaction tubes contain a suitable oxidation
catalyst, for example a silver catalyst, which may be sup-
ported and may contain or be used 1n conjunction with one or
more catalyst promoters.

It 1s to be understood that the above description has been
made 1n an illustrative fashion, and not a restrictive one.
Although specific embodiments have been 1illustrated and
described herein, those of ordinary skill 1n the art will appre-
ciate that other component arrangements can be substituted
tor the specific embodiments shown. The claims are intended
to cover such adaptations or variations of various embodi-
ments of the disclosure, except to the extent limited by the
prior art.

In the foregoing Detailed Description, various features are
grouped together 1n exemplary embodiments for the purpose
of streamlining the disclosure. This method of disclosure 1s
not to be interpreted as reflecting an intention that any claim
requires more features than are expressly recited in the claim.
Rather, as the following claims reflect, inventive subject mat-
ter lies 1n less than all features of a single disclosed embodi-
ment. Thus, the following claims are hereby incorporated into
the Detailed Description, with each claim standing on 1ts own
as a separate embodiment of the invention.

What 1s claimed:

1. A tube reactor comprising:

multiple, substantially parallel reaction tubes arranged

within a tube reactor shell, the reaction tubes spaced
apart such that a thermal fluid can flow between the
reaction tubes and transier heat between the reaction
tubes and the thermal fluid during operation;

an 1nlet head positioned adjacent the tube reactor shell

defining an 1nlet head space, where the inlet head space
1s 1n fluid communication with an inlet end of the reac-
tion tubes;

an outlet head positioned adjacent the tube reactor shell

including an outlet head shell that defines an outlet head
space; and

at least one 1nsert positioned within the outlet head space,

where the msert slopes from an edge region towards an
outlet end so that a height of the outlet head space 1s
greater near a center of the outlet than at the edge region
and the insert reduces an outlet head volume for reaction
product gases by at least twenty-five percent, the outlet
head volume being in fluid communication with an out-
let end of the reaction tubes and 1n fluid communication
with a reactor outlet.

2. The tube reactor of claim 1, where the outlet head vol-
ume 1s at least approximately 40 percent reduced 1n volume
compared to that defined by the outlet head.

3. The tube reactor of claim 1, where the outlet head shell
1s at least partially thermally 1solated from reaction product
gases entering the outlet head space from an exit end of the
reaction tubes.

4. The tube reactor of claim 1, where the outlet head 1s
removably attached to the tube reactor shell.

5. The tube reactor of claim 1, where the tube reactor
turther includes a thermal fluid inlet for introducing a thermal
fluid into the tube reactor shell and into contact with the
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reaction tubes and a thermal flmid outlet for withdrawing the
thermal fluid from the tube reactor.

6. The tube reactor of claim 5, where the thermal fluid
withdrawn from the tube reactor 1s contacted with the outlet
head shell to maintain the outlet head shell at a temperature
approximately equal to a temperature of the tube reactor shell.

7. The tube reactor of claim 1, where the outlet head
includes a heat exchanger disposed at least partially within
the outlet head to cool reaction product gases exiting the
reaction tubes.

8. The tube reactor of claim 7, where the tube reactor
includes a second heat exchanger located outside the outlet
head, where the second heat exchanger 1s close-coupled to the
heat exchanger disposed at least partially within the outlet
head.

9. The tube reactor of claim 1, where the 1insert occupies a
central portion of the space defined by the outlet head and
rapidly mixes areaction product gas exiting the reaction tubes
in the outlet head space.

10. The tube reactor of claim 1, where the insert 1s a diverter
plate.

11. The tube reactor of claim 10, were the diverter plate 1s
formed of a number of diverter plate sections assembled into
a perforated construction 1nside the outlet head space.

12. A method of operating a tube reactor, comprising:

flowing process gases through multiple, substantially par-

allel reaction tubes arranged within a tube reactor shell,
where the process gases react to form reaction product
gases 1n the tubes;

flowing a thermal fluid 1nto the tube reactor shell, where the

thermal fluid can flow between the reaction tubes and
transfer heat between the reaction tubes and the thermal
flud;

removably attaching an outlet head to the tube reactor shell,

where the outlet head defines an outlet head space that 1s
in fluid communication with an outlet end of the reaction
tubes and includes an outlet head shell:;

exiting the reaction product gases from the tubes into the

outlet head, where the outlet head shell 1s at least par-
tially thermally 1solated from the reaction product gases;
and

circulating the thermal fluid from the tube reactor shell

through the outlet head shell to maintain the outlet head
shell at a temperature approximately equal to a tempera-
ture of the tube reactor shell.

13. The method of claim 12, where the outlet head and tube
reactor shell include mating flanges and removably attaching
the outlet head to the tube reactor shell includes mating the
flanges of the outlet head and the tube reactor shell.

14. The method of claim 12, where the method includes
maintaining the mating flanges of the outlet had and the tube
reactor shell at approximately the temperature of the tube
reactor shell.

15. A process, comprising:

flowing process gases through a tube reactor under condi-

tions such that a chemical reaction occurs within reac-

tion tubes 1n the tube reactor to form a desired reaction

product gas, wherein said tube reactor includes:

multiple, substantially parallel reaction tubes arranged
within a tube reactor shell, where the reaction tubes
are spaced apart such that a thermal fluid can flow
between the reaction tubes and transier heat between
the reaction tubes and the thermal fluid during opera-
tion, and

an outlet head removably attached to the tube reactor
shell and which defines an outlet head space 1n tluid
communication with an outlet end of the reaction
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tubes and a reactor outlet, the outlet head including an
outlet head shell at least partially thermally 1solated
from process gases contained 1n the outlet head space;
where the temperature of the outlet head shell 1s main-

tamned approximately equal to that of the tube reactor
shell.

16. The process of claim 15, where the tube reactor
includes at least one 1nsert positioned within the outlet head
space, where the 1insert slopes from an edge region towards an
outlet end so that a height of the outlet head space 1s greater
near a center of the outlet than at the edge region and the insert
reduces an outlet head volume for reaction product gases by at
least twenty-five percent, the outlet head volume being 1n

14

fluid communication with an outlet end of the reaction tubes
and 1n fluid communication with a reactor outlet.

17. The process of claim 15, where the outlet head volume
1s at least approximately 40 percent reduced 1n volume com-
pared to that defined by the outlet head.

18. The tube reactor of claim 6, where the outlet head shell
includes a jacket and/or a conduit through which the thermal
fluid from the tube reactor shell can flow to maintain the
temperature of the outlet head shell approximately equal to a

10 temperature of the tube reactor shell.
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